Introduction
Ocular surface squamous neoplasia (OSSN) refers to a spectrum of conjunctival and corneal epithelial disease including mild to severe dysplasia, intraepithelial carcinoma, and invasive carcinoma. 1 OSSNs have become more prevalent and aggressive over recent decades in Sub-Saharan Africa, with higher rates of young people being affected. 2 These changes are largely attributed to human immunodeficiency virus (HIV) infection. [3] [4] [5] [6] A study in Uganda and Malawi have estimated HIV to be associated with OSSN in 71% and 84% cases, respectively. 7 Association rates in Angola are currently unknown, but may differ markedly from other Sub-Saharan nations due to a lower HIV prevalence.
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Concordant with these changes, there have been shifts in the management of OSSN. Wide local excision with supplementary cryotherapy has traditionally been the mainstay of treatment, [8] [9] [10] but in resource-poor settings where histopathology is unavailable and high HIV rates pose potential risks to surgical teams, topical therapy may be more appropriate. It is currently unclear which topical agent is most desirable in these contexts, but numerous studies have reported successful use of 5-fluorouracil (5-FU), 8, [11] [12] [13] mitomycin C, 14, 15 and interferon 2α 16, 17 as sole therapy or as an adjuvant to surgery. The low cost, easy storage, 18 and wide availability of 5-FU in Sub-Saharan Africa make it a particularly advantageous treatment in this context. 5 -FU has been shown to be both safe 11 and effective 8, [11] [12] [13] 19, 20 in the treatment of OSSNs in previous reports, eg, by Midena et al 8 who published a case series demonstrating complete regression of neoplastic cells to normal conjunctival epithelium within 3 months of initiating treatment with 5-FU. However, there is a paucity in the literature on the impact that HIV infection may have on the efficacy of 5-FU in patients with OSSN. Given the high association rates with HIV 4,21-24 and tendency for HIV patients to have more aggressive tumors, 4, 24 it is important to gain an understanding of whether OSSNs respond differentially to 5-FU according to their host's HIV status.
This retrospective hospital-based case series was designed to estimate the prevalence of HIV infection among the OSSN population in Angola and comment on the presenting features of OSSNs in HIV-positive and HIV-negative patients. It was also our intention to contribute data on the efficacy of 5-FU for treating OSSN and to provide a novel insight into whether HIV status modifies the success of 5-FU therapy for patients with tumors of the ocular surface.
Materials and methods
Photographic data were obtained for all patients presenting to the Boa Vista Eye Clinic (Benguela, Angola) with OSSNs between October 2011 and July 2013. Photographs of patients' eyes along with basic demographic information (age and sex) were taken for monitoring purposes at presentation and at each subsequent visit (mean interval 28 days). A total of 82 patients presented with OSSN in this period. All patients received an HIV test at presentation, and the photographs were stored according to serotype and by a numbered code in order to preserve confidentiality. Due to lack of laboratory access, it was not possible to determine patients' CD4 counts.
Each patient was initiated on a course of 5-FU on first presentation. One course constituted 1% 5-FU solution, one drop four times a day for 7 days (cost $1 USD per treatment cycle). Follow-up consultations were scheduled 1 month later. Twenty-four patients returned for follow-up, and 58 failed to attend, representing a 29.3% follow-up rate. Patients who attended for follow-up had a repeat photograph and, in unresolved cases, were prescribed a repeat course of treatment following a 1-month recovery period. All patients who attended at least one follow-up consultation after a course of treatment were included for analysis in the treatment arm of the study. None of the included patients had a history of ocular surgery.
All photographs of included patients were examined to determine the presenting features of each tumor (leukoplakia, vascular abnormalities, irregular borders, pigmentation, and whether the lesion was raised), presence of pterigium, and laterality and extent of the lesion, including the number of quadrants affected and whether the conjunctiva, cornea, or both were involved. In cases where patients attended follow-up, the total number of treatment courses was recorded and repeat photographs were compared with initial images in order to assess OSSN changes in response to 5-FU. Treatment response was categorized into the following: complete resolution, partial resolution, or no response. Partial resolution denoted a tumor that displayed an obvious reduction in size but was not yet completely resolved. Findings were grouped according to HIV status.
Informed consent was obtained from patients for photographs, which were kept anonymous and confidential. Institutional health ethics committee approval was obtained for the collection of data and the study adhered to the tenets of the Declaration of Helsinki.
statistical analysis
Proportions (expressed as percentages) and odds ratios were calculated in order to make relative comparisons of the frequency of presenting features between the HIV-positive and HIV-negative groups. Percentages were also calculated and displayed in charts for comparison of response after one treatment round, and to compare the number of treatment courses required to achieve complete resolution between the two groups. 
Results
Presenting Ossn features and proportion of patients with coexisting hiV infection
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OSSN and response to 5-fluorouracil for patient 47 was missing, so could not be included in the analysis of presenting features.
response of Ossn to 5-FU
Patients who attended at least one follow-up appointment after 5-FU therapy were included in the analysis of treatment efficacy. The number of treatment courses varied between one and four (mean 1.5). Eight (38%) HIV-positive and 16 (20%) HIV-negative patients met the inclusion criteria. Ninety-one percent of OSSNs across both groups showed a degree of response to 5-FU after the first course. Figure 2 demonstrates examples of tumor regression in response to therapy in HIVpositive patients. In the HIV-positive group, five (62.5%) displayed complete clinical resolution, two (25%) showed partial resolution, and one (12.5%) failed to respond by the last follow-up consultation attended. Of the five patients who displayed complete resolution, three had received one treatment course, one had received three courses, and one had received four courses. Of the two patients who experienced partial resolution, one had received two courses and the other had received one course. The patient who showed no response had received one course.
In the HIV-negative group, five (31%) displayed complete resolution, ten (63%) showed partial resolution, and one (6%) patient did not respond by the last follow-up. Of the completely resolved cases, three patients had received two treatment courses and two patients had received one course. Of those who showed partial resolution, eight had received one course and one had received two courses. The patient who failed to respond had received four courses.
Regarding the patients who completely responded to treatment, 60% of HIV-positive patients and 40% of HIVnegative patients achieved complete resolution after one course. After the second course, all of the seronegative 
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Complications
No patients experienced serious side effects of 5-FU. One patient (patient 30) developed a small patch of dermatitis on the lower eyelid which resolved spontaneously after 1 week. This event occurred early on in the study period and patients were subsequently advised to clean around the eye thoroughly after administration of 5-FU. There were no reported complications subsequent to this episode.
Discussion
The aim of this retrospective hospital-based case series was to estimate the rate of HIV infection in OSSN patients in Angola, study the presenting features of these tumors, and to monitor the response to 5-FU treatment in HIV-positive and HIV-negative individuals.
hiV infection rates in Ossn patients
One quarter of the patients who presented with OSSN were HIV-positive. This proportion is 9-13 times higher than that in the general population, which the government states to be between 1.9% and 2.8%. 25 This suggests that a high index of clinical suspicion of HIV is important for OSSN patients and an HIV test should be considered, although 
Cumulative percentages of completely resolved cases after treatment courses in HIV+/-groups
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OSSN and response to 5-fluorouracil the increased risk is markedly lower than association rates reported in other Sub-Saharan nations (71% in Uganda and 86% in Malawi). 7 This may be a reflection of a lower HIV prevalence rate in Angola as a result of the civil war during the HIV epidemic.
Presenting features of Ossn in hiVpositive and hiV-negative patients
On comparing OSSN features in the HIV-positive and HIVnegative groups, it emerged that each of the five features (raised, leukoplakic, pigmented, presence of vascular abnormalities, and irregular borders) was more common in HIVpositive individuals ( Figure 1C) . The proportion of patients who exhibited all of these features was markedly higher in the HIV-positive group than in the HIV-negative group (67% versus 25%, respectively). These statistics yield an odds ratio of 6, suggesting it can be estimated that an OSSN patient with all five features has an approximately 60% increased risk of concurrent HIV infection.
We also note that there was a larger proportion of females than males with OSSN in the HIV-positive group ( Figure 1B) , whereas in western countries OSSN typically affects elderly males. 6, 26 A shifting trend for OSSN to affect women more has been previously noted in the literature, 6 along with the recognition that this apparent excess risk may just be a reflection of the fact that HIV is more prevalent in women in Sub-Saharan Africa. 27 In either case, it is relevant to note that females presenting with OSSN in Angola may have a higher risk of HIV infection than males.
response to and complications of 5-FU
The results in the treatment arm of this study are congruent with previous studies 1, 5, 10, 11, 26, 27 that have shown 5-FU to be a safe and effective treatment for OSSN. Ninety-one percent (n=21) of the tumors displayed partial or complete regression after one course of 5-FU. Only two patients (one from each group) failed to show any response by their last visit. We observed fewer complications compared with two recent studies 26, 27 that reported complications in more than half of their patients using a 2-week regimen of 1% 5-FU, compared with one patient in this study who had a shorter course.
A comparison of the 5-FU treatment response between HIV-positive and HIV-negative patients has not previously been reported in the literature. In this study, we demonstrate promising and comparable treatment responses between the two groups, and suggest that 5-FU may be an appropriate primary treatment for OSSN patients irrespective of HIV status. We compared the treatment response between the groups after one round of 5-FU (P=0.896 comparing complete/partial resolution after one treatment, HIV-negative versus HIV-positive), and the number of courses required to reach complete clinical resolution (Figure 3 ). Both comparisons indicate a similar response to 5-FU when comparing HIV-positive and HIV-negative individuals and it is unlikely that HIV infection plays any significant role in modifying the efficacy of 5-FU treatment for these tumors. Due to the varying number of treatment rounds that patients received and the poor rate of return for follow-up across both groups, it was not possible to compare response at the last follow-up attended.
limitations
This study has numerous limitations due to location, lack of resources, and patient demographics. First, we were unable to make histological diagnoses or confirm eradication of neoplastic cells due to the lack of histopathology or cytology services. Access to these services would have given a higher degree of certainty as to the efficacy of 5-FU in the study population. Second, lack of availability of laboratory facilities meant that we could not ascertain CD4+ counts in HIV-positive patients. It would be useful to know CD4+ counts in order to look for trends between OSSN features or response to 5-FU and severity of HIV disease. Third, our analysis of 5-FU efficacy was limited due to poor patient follow-up rates. Follow-up is frequently a challenge at Boa Vista due to the long distances many patients need to travel for consultations, meaning that some patients will not return for follow-up if they are satisfied with their results after treatment. Fourth, the sample size was relatively small for a retrospective study design. Preferably we would have access to more data to increase our confidence that the findings were not due to chance. However, our results are noteworthy and hopefully will be confirmed by randomized controlled trials in the future.
Conclusion
In Angola, OSSN is associated with higher rates of HIV infection compared with rates in the general population; OSSN may indicate up to a 13 times increased HIV risk. This a striking association, although not as marked as associations reported in other Sub-Saharan nations, possibly due to relatively lower HIV rates in the general population of Angola. In settings of the developing world where HIV prevalence is high and access to histopathology is limited, primary treatment with 5-FU eye drops can be an effective strategy for management of OSSN without incurring the 
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